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ZWICKER, A P AND H M. CALIL. The effects of REM sleep deprtvatton on strtatal dopamme receptor sttes 
PHARMACOL BIOCHEM BEHAV 2,1(4) 809-812. 1986--aH-Sptropendol binding to dopamme receptor sRes of rat 
stnatal ttssue was studted following 24, 48, 72 and 96 hr of rap~d eye movement sleep depnvat,on (REM dep.) The density 
of dopamme receptor bmdmg sttes (Bin,,) was decreased after 48, 72, and 96 hr of REM dep. The apparent d~ssoctat~on 
constant (Ko) decreased after 96 hr, mdtcatmg an increase m apparent affimttes The control experimental ammals also 
presented a ttme-dependent decrease of Bm~, and Ko as compared to unhandled controls These results suggest that 
dopammerg~c mechamsms may mdeed be revolved ~n the effects of REM sleep depnvatton and/or stress 

REM sleep deprivation Rat stnatum aH-Sptropendol binding Dopamme receptor 

SEVERAL chromc antidepressant treatment modahaes 
(tncychc antidepressants, monoammox~dase ~nh~b~tors, elec- 
troconvulsotherapy) decrease the density of /3-adrenerg~c 
receptor sites ~n rat cerebral cortex tfor review see [4]). 

Rapid eye movement sleep deprivation (REM dep . ) ,  fre- 
quently followed by ~mprovement of  depression in man [23], 
also decreased the number off l - receptor  binding s~tes of rat 
cerebral cortex [12]. However,  th~s effect of  REM dep. was 
not replicated ~n other studies [1,15] 

The effects of  REM dep. on the dopam~nerglc system 
have been extenstvely stud~ed behaviorally The results 
show an increased response to dtrectly and indirectly acting 
dopamlne (DA) agonlsts, leading to the suggestions that such 
hyperrespons~veness might reflect e~tber postsynapt~c 
dopamtne receptor  supersensitivity [3, 13, 21] or presynapttc 
receptor subsenslt~v~ty [17]. However,  the neurochemical ef- 
fects of sleep deprivation have not been extensively studied 
One recent study dmd not find changes mn e~ther the number 
(Bma,) or affinity (KD) of  dopaminerg~c postsynapt~c D2 s~tes 
m stnatum and frontal cortex following 96 hr sleep dep Simi- 
larly, presynapttc receptor  sensRtv~ty, as measured by 
apomorphme-mduced ~nhibmon of  tyrosine hydroxylase,  
was unchanged m stnatum [7]. 

The present study systematically investigated the possi- 
ble alterations of stnatal dopam~nergic receptor sites m the 
rat following several periods of REM dep. 

METHOD 

Male Wistar rats (200-300 g), housed three to a cage in an 
mr-conditioned room w~th a 12 hr light-dark cycle (hghts on 
at 7 a.m.), and having free access to food and water were 

used REM sleep deprivation (REM dep.) was achieved with 
the "f lower pot"  technique I! 1], which consists of placing 
the rats on small platforms (7 cm in diameter) surrounded by 
water ,n a metal container-- this  cond,t~on allows the occur- 
rence of  slow wave sleep but substantially reduces the 
amount of  REM sleep An experimental control group was 
run s~multaneously, m order to control for the stress inherent 
to the REM dep. procedure (isolation and ~mmobihzatlon on 
the platform) The rats were then placed on larger platforms 
(14 cm in d~ameter), which allows REM sleep without the 
rats falhng m the water REM dep. and control groups were 
submRted to th~s procedure during 24, 48, 72 and 96 hr. 
Several previous EEG recording studies were run to ensure 
that rats placed on small platforms were REM sleep deprived 
whereas those on larger platforms were not (for review see 
[22]). Finally normal control rats were maintained in their 
home-cages w~thout any manipulation except for routine 
care every mormng. 

Rats were sacrificed by guillotine decapitatmn at 0 (nor- 
mal control group), 24, 48, 72 and 96 hr (experimental 
groups) after beginning of  the experimental procedure Their 
brains were quickly removed on ~ce, and the s tnata were 
d~ssected, weighed, and homogenized. The s tdata  were as- 
sayed for DA receptor binding according to the method of 
Butt et al [2] wRh the following small moddication. The 
stnatal t~ssue was homogemzed in 100 vol. (w/v) of ~ce-cold 
Tns buffer (0.05 M, pH 7 7) and centrifuged (Beckman Mod. 
L5-50) at 20000 g for 10 rain. After two 100-vol. washes in 
ice-cold Tns buffer, the membranes were resuspended to a 
final concentration of 100 mg striatum/10 ml buffer. Then, 
aliquots of 900 pl  (9.0 mg striatum) homogenate were incu- 
bated at 37°C for 10 min with 100 ~l of  aH-spiroperidol (New 
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England Nuclear, 31.3 C~/mmol) at 6 concentrattons, ranging 
from 0 0625 to 1.0 nM or w~th aH-spiropendol and 20/xl of l0 
/zM dextrobutaclamol (Ayerst Research Laboratories) pre- 
pared w~th 0 1% ascorb~c actd. The concentrations were 
chosen from previous studtes employing a larger concentra- 
tion range (up to 5 nM) to separate low and high affintty 
btndmg sttes The samples were run m duphcates After m- 
cubatlon, samples were filtered (Whatman GF/B 2 4 cm glass 
fiber filters) under vacuum with three 6 ml washes of cold 
Tns  (pH 7 0) buffer. Dried filters were transferred to vtals 
contamlng 5 ml Aquasol for later counting in a Beckman 
Scmtdlatton Counter (Mod LS-3150T) Specific binding was 
defined as the d~fference between total binding and the bmd- 
mg occurring tn the presence of 10 /xM dextrobutaclamol 
binding 

The maxtmal number of receptor sites (B,,~O and the dts- 
soctation constant (KD) values were obtained by Scatchard 
analysts [16] using a computer program employing linear re- 
gression analysts. 

Data (expressed as mean+SEM) of control and experi- 
mental groups were evaluated using an analysts of variance 
(ANOVA) followed by Duncan's  new multiple range test 
The comparison between experimental groups for the dtffer- 
ent ttme periods was done by Student 's t-test for independ- 
ent samples 

RESULTS 

The specific binding of'~H-spiropendol, tn concentraaons 
rangtng from 0.0625 to 1.0 riM, to stnatal dopammerg~c re- 
ceptor sites represented 66 6 to 76 8% of the total bmdtng. 
Results obtatned from the inittal studies through the Scatch- 
ard analysts showed that the B~.,~x was 39.26 pmol/g wet 
weight of tissue and the Ko was i 52 nM (Fig. 1). Data were 
also analysed wtth the Hill plot, whtch revealed a straight 
hne wtth a slope equal to umty 

The B~,~ and KD mean values for all groups are shown in 
Table 1. 

The B,,~ values were decreased (0<0 01) following 48, 72 
and 96 hr REM dep. (small platforms), and 72 and 96 hr of 
experimental control (larger platforms) (0<0.05) in compari- 
son w~th normal controls There were also reducttons of Bmax 
values after 72 and 96 hr REM sleep dep (0<0.05) tn com- 
parison wtth the 24 hr experimental group In addition, a 
concomitant decrease of KD (0<0 01) as compared to normal 
controls was found followtng 96 hr of the experimental pro- 
cedure tn both groups, thus md~cat|ng an mcrease of the 
apparent affinittes between hgand and receptor sttes Fur- 
thermore, a slight ~ncrease of Ko occurred 24 hr after begin- 
ning of the experimental procedure, again compared to the 
normal controls Although th~s ~ncrease was not s~gmficantly 
d~fferent from the normal controls, tt was htgher than the KD 
observed 48, 72 (0<0 05) and 96 hr (0<0 01) for both expert- 
mental groups 

D I S C U S S I O N  

Forty-etght or 96 hr of REM sleep deprivation was suffi- 
cient to induce s~gmficant decrease of Bm~x and KD. These 
data are dtfferent from the findings of two previous studies 
[7,25] The Wirz-Justice study analysed the effects of sleep 
deprivation on the ctrcadian rhythms of rat brain neuro- 
transmttter receptors, and reported an tncrease tn the 
number of dopammerg~c receptor sttes dunng sleep depriva- 
tion tn the dark phase (last 13 hr of a 24 hr sleep dep period). 
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FIG I Scatchard analys~s of ~H-spiropendol (0 0625-1 0 nM) spe- 
ctfic binding to dopamme receptor s~tes m rat stnata (as described m 
the Method section) K~>=I 52 nM and B .... =39 26 pmol/g wet 
weight Each point ~s the mean of duphcate determinations 

The present study found a slight decrease (11%) of B .... fol- 
lowing 24 hr REM dep This discrepancy could posstbly be 
explained by differences in experimental procedures utihzed 
to achteve sleep depnvatton m both studtes In contrast to 
the present and the Wtrz-Justtce studtes, Father [7] did not 
find Bin,,× and Kt~ changes in the stnatum and frontal cortex 
of rats following 96 hr REM dep Thts latter study employed 
a REM sleep depnvatton procedure stmdar to the one m the 
present study, but a different bindtng assay method which 
included a higher concentration range of'~H-sptropendol (up 
to 2 0 nM) It has been described that htgher concentrattons 
of "~H-spiropendol also brad to low affimty sites [20] 

It ts mterestmg to note that studtes of fl-receptor sttes m 
rat cerebral cortex showed stmdar mconststent results as 
those found for dopammergtc receptor sttes Thus, tt was 
reported that 72 hr REM dep. tnduced bestdes a decrease of 
Bm .... a sigmficant reductton of Ko [12] These results also 
have not been rephcated m rats submttted to either 72 hr or 
seven day REM sleep deprivation [I,15] The decrease of 
fl-adrenergic receptor stte number following chromc admm- 
tstratton of other anttdepressant treatment modahttes (tncyc- 
lic, MAO tnhibitors, electroconvulstve therapy) ts not ac- 
companied by Ko alterattons (for revtew see [41) It ts thus 
posstble that, at least m thts aspect, REM sleep depnvatton 
of laboratory ammals may be quahtattvely different from 
other antidepressant treatments Clinically, tt has been re- 
ported that selecttve REM sleep deprivation requires chronic 
rather than acute (24 hr) apphcatlon before tnductng a 
therapeuttc response [23,24] 

The decrease of B .... and Kt) in the experimental control 
group, also occurred m a ttme-dependent way, though tt was 
quantttattvely smaller than the changes seen in the REM 
sleep deprived group Simdar results have been described for 
/3-adrenergtc receptor sites [12] Thts change (decrease) 
could be assoctated wtth other variables tnherent to the ex- 
perimental procedure, such as tsolatton of the ammal, motor 
restriction, and humtdity Consequently, takmg these varia- 
bles tnto account, a possible influence of stress at the level of 
dopammergtc and/or noradrenerg~c receptor sites can not be 
ruled out Moreover, behavioral studtes have shown that rats 
submitted to REM sleep depnvatton or to foot shock for two 
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T A B L E  1 

EFFECTS OF ISOLATION ON LARGE PLATFORMS (EXPERIMENTAL CONTROLS) AND OF REM 
SLEEP DEPRIVATION ON sH-SPIROPERIDOL BINDING TO RAT STRIATAL DOPAMINERGIC 

RECEPTOR SITES 

% Of Bma ~ Decrease 
Bm~(pmol/g Compared to Normal 

N wet weight) Controls Ko (riM) 

Normal controls 6 38 00 _+ 2 76 - -  1 50 ± 0 07 

Experimental 
controls 

24hr 5 36 56 ± 572 4 1 6 9 -  0 10 
48hr 7 32 32_+ 272 15 142-+008§ 
72 hr 5 25 85 ___ 2 71"t 32 I 38 +- 0 10§ 
96 hr 8 27 35 _+ 2 04~ 28 1 15 -+ 0 06*~t 

REM sleep deprived 
24hr 5 33 95 +_ 381 I1 I 66__. 0 12 
48 hr 7 27 08 +_ I 84* 29 1 29 -+ 0 12§ 
72 hr 5 23 48 +_ 3 73*§ 38 1 15 -+ 0 17§ 
96 hr 8 25 07 _+ 1 32*§ 34 I 07 _+ 0 09".1: 

Duncan's new multiple range test *(p<~0 01), ~(p~<0 05) tn comparison to normal controls, 
~t(p<~0 01), §(p<~0 05)' compared to the 24 hr experimental controls or REM sleep deprived 

Data are expressed as mean _+ standard error of the mean (mean -+ SEM) of the maximal 
number of receptor s~tes (B~.,0, and of the d~ssoctat~on constant (K~) N=number of experi- 
ments for each group 

or  three days,  presented more apomorphlne  reduced aggres- 
smveness than normal control  rats [18]. Also the aggresstve- 
ness,  as measured  by shock-reduced fighting, was twice the 
control  level in R E M  sleep depr ived rats for seven days. This 
latter study also found a 30% decrease  ~n the number  of  
cor t ical /3-adrenergic  receptor  s~tes [6]. In sp~te o f  these find- 
rags, ~t has already been well documented  that these altera- 
hons  seem to be more related to R E M  sleep deprivat ion 
since they are more pronounced  m R E M  sleep deprived 
ammals  than ~n the exper imental  controls  (see [22] for re- 
vtew). The decrease  tn apparent  affimt~es be tween hgand and 
receptor  sttes, as indicated by a d~screte KD ~ncrease seen at 
24 hr after beginning of  the exper imental  procedure ,  coin- 
cided w~th the ~mt~al drop ~n receptor  stte number.  

The  observed  decrease  of  dopammergic  receptor  s~tes 
(D2) - -a  subsens~ttv~ty--~s apparent ly opposi te  to the m- 
crease  o f  behavtoral  r e spons~veness~supe r sens i t i v i ty - -  
reduced by dopammerg~c st~mulatton m antmals previously 

depr ived of  R E M  sleep. It may be speculated that the m- 
crease  tn apparent  affinity (decreased Ko) could be a com- 
pensatory change as a consequence  o f  the decrease  of  these 
sttes. Could th~s Ko change explain the behavioral  supersen-  
sitivity ~ It ~s possible to suppose that an a f fn t ty  change 
could o v e m d e  the decrease  m receptor  site number .  

Another  possible explanat ion for the dtscrepanc~es in the 
effects of  R E M  sleep deprivat ton at neurochemical  and be- 
havioral levels  would be the exis tence of  different types of  
dopaminerg~c receptors  [5,9]. The present  study ut ihzed only 
one hgand, considered to be specific for D2 type receptor  
s~tes [10]. Howeve r ,  most  behavioral  studtes (e.g., 
stereotypy, aggressweness) Utdlzes an agomst which brads to 
both postsynapt~c and au toreceptor  or  DI  and D2 
dopam~nerg~c b~ndmg sttes [8, 14, 19]. Future  studies should 
be done w~th o ther  hgands,  agomsts  and antagomsts  to 
further elucidate  the neurochemtcai  effects of  R E M  sleep 
depnva t ton  on DA systems.  
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